To the Editor:

We read with great interest the article by Ji *et al.* on liver injury patterns and the clinical implications of metabolic-associated fatty liver disease (MAFLD) in patients with COVID-19.[@bib1] Metabolic and cardiovascular comorbidities like diabetes and hypertension aggravate the severity of COVID-19.[@bib2] Another comorbidity, MAFLD, also affects COVID-19 severity, as pointed out by Ji *et al.* [@bib1] Since excess liver fat is seen in up to a quarter of people,[@bib3] we hypothesized that its impact on severity might be modulated by age. We considered that disease severity of older patients with a greater burden of cardiac and respiratory illness would more likely be impacted by their comorbid conditions, than the presence of liver fat. In this study, we investigated the effects of MAFLD on COVID-19 severity in older *vs.* younger patients.

We consecutively recruited 327 adult patients (≥18 years old) with COVID-19 from 4 centers (the First Affiliated Hospital of Wenzhou Medical University, Wenzhou Central Hospital, Ningbo No.2 Hospital, and Ruian People\'s Hospital) in China, from 17^th^ January 2020 to 11^th^ February 2020. COVID-19 was diagnosed by high-throughput sequencing or reverse-transcription PCR assays of oropharyngeal swab specimens. Some of these patients were the subject of a previous report.[@bib4] All patients underwent screening for fatty liver by CT. MAFLD was diagnosed based on the recent consensus criteria.[@bib5] ^,^ [@bib6] Overweight was defined as body mass index (BMI) ≥23 kg/m^2^, and obesity was defined as BMI ≥25 kg/m^2^ in Asians.[@bib7] Diabetes mellitus was diagnosed based on the history or hemoglobin A1c ≥6.5%.[@bib8] Hypertension was defined as blood pressure ≥130/85 mmHg or specific drug treatment. The requirement for written informed consent was waived by the ethics committees of all 4 centers due to the emergent epidemic and the anonymized retrospective nature of the analysis.

All demographic and laboratory parameters were collected on the day of admission. COVID-19 severity was evaluated during hospitalization and divided into 4 subtypes, namely mild, moderate, severe and critical illness in line with management guidelines in China. We defined mild and moderate COVID-19 subtypes as 'non-severe COVID-19', and severe and critically ill subtypes as 'severe COVID-19'. All patients received standard medical treatment according to the COVID-19 management guidance (7^th^ edition).[@bib9]

Seventy-four patients (22.6%) were elderly *(i.e.* more than 60 years of age) and 93 patients (28.4%) had MAFLD. In patients younger than 60 years, hypertension occurred in 45 (17.3%) patients, and diabetes was noted in 29 (11.2%) patients. In patients older than 60 years, there were 32 (43.2%) cases of hypertension and 18 (24.3%) of diabetes; this was significantly higher than in younger patients (*p* \<0.001 and *p* = 0.004, respectively). In contrast to the findings in younger patients (age \<60 years), no significant difference in C-reactive protein, prevalence of diabetes and hypertension, or blood lipids was observed between non-MAFLD and MAFLD groups in elderly patients (all *p* \>0.05). Moreover, an association between presence of MAFLD and COVID-19 severity was observed in younger patients (Chi-square test *p* = 0.001), but not in elderly patients (Chi-square test *p* = 0.66).

Patients with MAFLD comprised 24.2% of the younger and 30.6% of the elderly cohort with non-severe COVID-19 (*p* = 0.35), and 55.9% of the younger and 24% of the elderly patients with severe COVID-19 (*p* = 0.01). Considering the effects of confounding bias, we performed multivariable logistic regression analyses ([Table 1](#tbl1){ref-type="table"} ). In patients aged younger than 60 years, a more than 2-fold higher prevalence of severe COVID-19 was observed in those with MAFLD compared to those without; this association remained significant after adjusting for age, sex, smoking status, overweight, diabetes, and hypertension (adjusted odds ratio 2.67; 95% CI 1.13--6.34; *p* = 0.03). In contrast, MAFLD was not associated with disease severity in multivariable analysis in elderly patients (*p* \>0.05). We performed sensitivity analysis by setting a cut-off point other than 60 years to define younger and elderly patients. Similar results were observed at cut-offs using 55 and 65 years.Table 1Association between the presence of MAFLD and COVID-19 severity in younger and older patients.Younger patientsElderly patientsOR95% CI*p*OR95% CI*p*60 years as the cut-offn = 253 (72 \[28.5%\] MAFLD, 34 \[13.4%\] severe cases)n = 74 (21 \[28.4%\] MAFLD, 25 \[33.8%\] severe cases) Unadjusted3.971.89--8.35\<0.0010.720.24--2.150.55 Adjusted model I3.251.47--7.160.0030.750.25--2.280.61 Adjusted model II2.491.04--5.960.040.450.13--1.590.22 Adjusted model III2.671.13--6.340.030.610.18--2.030.4255 years as the cut-offn = 199 (56 \[28.1%\] MAFLD, 21 \[10.6%\] severe cases)n = 128 (37 \[28.9%\] MAFLD, 38 \[29.7%\] severe cases) Unadjusted6.482.45--17.1\<0.0011.000.44--2.310.99 Adjusted model I5.021.81--13.900.0021.020.44--2.390.96 Adjusted model II3.101.01--9.560.050.770.30--1.990.60 Adjusted model III3.631.20--10.950.020.910.37--2.280.8565 years as the cut-offn = 276 (80 \[29.0%\] MAFLD, 41 \[14.9%\] severe cases)n = 51 (13 \[25.5%\] MAFLD, 18 \[35.3%\] severe cases) Unadjusted3.131.59--6.180.0010.760.20--2.940.69 Adjusted model I2.691.31--5.530.010.750.19--2.940.68 Adjusted model II2.221.02--4.860.040.330.07--1.690.19 Adjusted model III2.411.12--5.220.030.590.13--2.640.49[^2][^3][^4][^5][^6]

This multicenter study (COVID-MAFLD-CHESS) establishes a synergistic effect of MAFLD for severe COVID-19 in patient aged less than 60 years. The exact mechanism(s) underlying the age-dependent relationship is uncertain. Previous research has noted cellular immune dysregulation in COVID-19.[@bib10] Thus, it might be postulated that hepatic and systemic immune responses caused by MAFLD[@bib11] contribute to the cytokine storm in younger patients with COVID-19. In the elderly however, other comorbidities like coronary heart disease and chronic obstructive pulmonary disease are more prevalent and any association with MAFLD might be masked by their impact.[@bib2]

A notable limitation of our study was the smaller sample size of the older cohort of patients, which might influence the validity of the results. When 60 years was set as the cut-off, there were only 53 non-MAFLD and 21 MAFLD patients available for analysis in the older group. To remedy this shortcoming, we performed sensitivity analysis in 199 younger patients (including 56 with MAFLD) *vs.* 128 older patients (including 37 with MAFLD), using 55 years as a cut-off; the results remained insignificant in older patients. Further validation in a larger cohort including other ethnicities is warranted. COVID-19 as we show, is worse in younger patients with MAFLD and increases the likelihood of severe illness by approximately 3-fold after adjustment for confounders.
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[^1]: Co-first Author: Yu-Jie Zhou and Kenneth I. Zheng.

[^2]: Data are presented as ORs and 95% CIs measured by univariable and multivariable logistic regression analyses.

[^3]: Model I: adjusted for age and sex.

[^4]: Model II: adjusted for age, sex, smoking, obesity, diabetes mellitus and hypertension.

[^5]: Model III: adjusted for age, sex, smoking, overweight, diabetes mellitus and hypertension.

[^6]: MAFLD, metabolic-associated fatty liver disease; OR, odds ratio.
